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INTRODUCTION

The Interagency Coordinating Committee on Structural Ceramics (ICCSC)
held its annual meeting May 13, 1992. The primary function of the ICCSC
is communication and coordination among managers of federally funded
research and development programs in structural ceramics.

The focus of the Committee is on structural ceramic materials, including
both monolithic ceramics and ceramic matrix composites. Twenty-three
government program offices sponsored $120 million of unclassified
research and development in fiscal year 1992 on these materials for
applications in high performance transportation engine and turbine
systems, cutting tools, heat exchanges, armor, bearings and aerospace
engine and airframe components. These applications are critical to
international cominercial competitiveness since they represent large
potential markets and also underpin the national defense posture.

This Committee regularly brings together federal program managers that
have management responsibilities for such diverse research and
development programs with a common denominator of interest and needs
in structural ceramics. It provides a mechanism for maximizing the total
effectiveness and resource sharing of government supported research and
development in structural ceramics and assures that there is not
redundancy or undesirable overlap in this coordinated effort.

Twenty-three federal program offices contributed to the proceeding of this
meeting which was chaired Thomas W. Crooker of the National
Aeronautics and Space Administration. Presentations were made which
included both budgetary and programmatic information on the agencies
with an emphasis on each program’s mechanism of technology transfer.
The following funding summary table has been extracted from the
presentations and augmented with data supplied subsequently by
committee members to determine fiscal year 1991, 1992 and estimated 1993
levels. The table is a summary which avoids duplicative data which would
give an erroneously high estimate of funding in this field. It should be
noted that the nature of research reported ranges from basic to applied and
includes those portions of large component development projects which, in
the judgement of the program managers, are clearly related to structural
ceramics. Further, it should be understood that funding for fiscal year 1993
are estimates which may change.

A directory of the various program office representatives to this committee
follows the following funding summary table.

The National Aeronautics and Space Administration appreciated the
opportunity to host the ICCSC meeting and hence facilitate coordination of
efforts in this critical field. The next meeting of the ICCSC is scheduled for
May 12, 1993, Dr. David 1. Lewis, III of the Naval Research Laboratory.



FEDERALLY SUPPORTED RESEARCH AND DEVELOPMENT
IN STRUCTURAL CERAMICS

FUNDING SUMMARY TABLE ($M)

President’s Request

Organization FY 1991 FY 1992 FY 1993
NSF 4.85 5.090 5.93
DOC-NIST 2.8 2.62 3.3
DOI-Bureau of Mines 2.99 3.19 247
DOE-BES/Materials Sciences |8.410 7.192 9.060
DOE-Transportation Tech. 16.400 16.500 18.500
Ceramics Tech. for ADV. HT.
ENG.
DOE-Transportation Tech. 11.725 12.148 115
ADV. Turbine & Tech.
Applications Program
DOE-ADV Industrial 1.80 2.10 2.15
Concepts
DOE-Fossil Energy 1.29 1.192 0.808
DOE-Heavy Duty 0.35 0.5 0.8
Transportation
DOE-Industrial Technologies | 5.775 7.875 7.9
Industrial Tech. Energy
Efficiencies
NASA 184 254 34.9
DARPA 25 14 12
ARO-Durham 0.8 1.0 1.0
Army-MTL 6.57 2.65 3.76
Army.Strategic Defense Cmd. | 0.5 0.1 0.5
AFOSR 8.78 8.5 4.0
Wright Research & 45 4.5 5.0
Development Laboratory
ONR 2.5 2.892 7.2
Naval Surface Warfare Ctr. |0.075 0.001 0
Navel Research Laboratory 0.264 0.920 1.200
Naval Air Warfare Center 0.9 0.85 1.5
Office of Naval Technology 0.05 0 0.3
| Strategic Defense Initiative 0.53 0.53 0.53
Total 125.3 119.8 134.3

The above table represents an accurate summary of federal funding for
research and development in structural ceramics. The numbers herein
represent activity in structural ceramic research and development. They
do not necessarily correspond to systems design or development programs
budget line items, from which many structural ceramics efforts were

estimated by pro-rating.
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AGENDA
Wednesday, May 13, 1992
9:00 am Chairmens' Welcome Mr. Thomas Crooker
Mr. Stephen Moran
9:15am Keynote Address Dr. Lyle Schwartz
9:45 am National Institute of Standards & Technology Dr. S.J. Dapkunas
10:00 am Gas Research Institute Dr. Michael Lukasiewicz
10:15 am Department of Energy/Office of Basic Energy
Sciences/Division of Materials Sciences Dr. Alan Dragoo
10:30 am Department of Energy/Office of Transportation
Technology/Advanced Materials Division/AICD Mr. Robert Schulz
10:45 am Department of Energy/Office of Transportation
Technology/Advanced Propulsion Division Mr. Saunders Kramer
11:00 am National Science Foundation Dr. Frank Wang
11:15 am Office of Naval Research Dr. Steven Fishman
11:30 am Office of Naval Technology Dr. William Messick
11:45 am Lunch
1:00 pm Naval Research Laboratory Dr. David Lewis
1:15 pm Naval Surface Warfare Center Dr. Inna Talmy
1:30 pm Naval Air Warfare Center/Aircraft Division Mr. Randall Sands
1:45 pm Naval Air Propulsion Center Ms. Dawn Migliacci
2:00 pm Army Strategic Defense Command Mr. Doug Ennis
2:15 pm Air Force Office of Scientific Research Dr. Walter Jones
2:30 pm Wright Laboratory/Materials Directorate Dr. Allan Katz
2:45 pm NASA Office of Aeronautics & Space Technology Mr. Stephen Moran
3:00 pm Defense Advanced Research Project Agency Dr. William Coblenz
3:15 pm Bureau of Mines Dr. Sara Dillich
Dr. Garret Hyde
3:30 pm Army Research Office/Army Tank Automotive
Command Mr. Wilbur Simmons
3:45 pm Army Materials Technology Laboratory Dr. M.R. Fletcher
4:00 pm Strategic Defense Initiative Office Lt. Col. Michael Obal
4:15 pm Department of Energy Environmental
Restoration and Waste Management Dr. Alan Dragoo,

for Dr. Stanley Wolf
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TELEPHONE : 615-574-6094
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Dr. Walter Bryzik
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Propulsion Systems Division
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TELEPHONE : 313-574-6461
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United States Department of Commerce
14th Street and Constitution Avenue NW
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Washington, DC 20230
TELEPHONE : 202-377-3795
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Mr. James Carr

United States Department of Energy
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Washington, DC 20585
TELEPHONE : 301-903-6519
TELEFAX :
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Material Science Division/DSO

3701 North Fairfax Drive
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TELEPHONE : 703-696-2288

TELEFAX : 703-696-2201
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Industrial Materials

Presentation to Interagency ]
Coordinating Committee on Structural Ceramics

Michael Lukasiewicz
Gas Research lnstitute

May 13, 1992
Arlington, VA

Develop cost-effective materials technology that enables
industrial gas customers to improve productivity, product

quality, and operating costs while meeting environmental
regulations.

|
|
| Industrial Materials: Objective I

* Develop durable, reliable components and materials technologies for
existing and emerging gas-fired process equipment.

* Reduce costs of advanced materials.

|

|

) * Develop new materials to reduce pollution emissions and

‘ components to increase pollution control system durability.
?

* Improve scientific and engineering understanding of advanced
materials.

IACCS Meeting . Arlington, VA May 13, 1992

B



|Industrial Materials: Budgets |

FUNDING HISTORY

40

FUNDING (MMS)
» w
(-] (-]

--
(-]

0.0

IACCS Meeting Arlington, VA May 13, 1992

| Industrial Materials: Strategy I

Near-Term

Work with R&D Teams, including Manufacturers, to Develop and
Field Test Advanced Materials and Components for Natural
Gas-Fired Applications that are:

* Temperature and Corrosion Resistant
¢ Environmentally Acceptable

¢ Low Initial Cost

¢ Durable and Reliable

Long-Term

Establish Technology Base Projects to Provide New
Concepts for Future Developments. Translate Basic
Research into Practical Applications.

IACCS Meeting Arlington, VA May 13, 1992



|Industrial Materials: Research Emphasis I

Strategic Element No. of Projects . Budget (%)
Industrial Process Materials and Components 6 30
Material Design 1 10
Pollution Contro! Materiale and Components 3 20
Technology Base 1 20
Power Systems Materials and Components 1 20

100

* Nine Projects and Approximately 85 % of Budget Is Dedicated to Structural Ceramics

IACCS Meeting Arlington, VA May 13, 1992

|Inddstrial Process Materials and Components I

InE CONTRACTOR DESCRIPTION STATUS

Malerials for Gas-fired  Affred University/  Identify materials solution Materials Screening test

Boosting of Glass INEX and Lanxide  for gas-fired boosting of glass. gntpleied. Mo-MoSi2 deemed

st.

Materials for Immersed  Babcock & Wilcox/  |dentify materials solution Project initiated 4/92,

Tube Aluminum Melting  BIRL for immersed hig. of alum. Cofunded with project area
444.

Materlals for High Stone & Webster/  Support DOE effort in high Coupon cofrosion tests

Pressure Methane CAM temperature, high pressure initiated. Tube burst rig

Reformer rethane reform process. constructed.

Corrosion Resistant Solar Turbines Develop oxide coating system  Up to 3000 hrs tested on

Coatings for Heat for silicon carmbide heat mullite coatings. Third 2000 hr

Exchanger Tubes exchanger tubes. test continuing.

JIACCS Meeting Arlington, VA May 13, 1992



|Industria| Process Materials and Components I

ITLE CONTRACTOR DESCRIPTION STATUS

RBSC U-Tubes for Coors Develop RBSC U-Tubes for  Field eval. with GM, Caterpiliar,

Metals Furnaces heat treat and reheat fumaces. & Inland Steel.

SiSIC U-tubes for INEX Develop INEX U-tubes for heal U-bends fabricated in cast and

Metals Fumaces treat and reheat fumaces. tired form. Shipped to bumer

company for testing.

New 1992 Starts TBD Fumace Components for High No new stars planned
Temperature because of funding constraints.
Furnaces.Application
Assessment for Ceramic

Radiant Tubes, and High
Temperature Fbers for IR
Bumers

IACCS Meeting Arlington, VA May 13, 1992

| Material Design |

TTLE CONTRACTOR  DESCRIPTION STATUS

Carbon Filament Penn State Use Natural Gas to form Carbon fibers produced in
Reinforced Composites C.A.M./ Alcoa Carbon Fibers in Pre-Shaped unique catalylic reactor with
Using Naltural Gas Molds. These preforms are  natural gas teedstock.

then infittrated with aluminum
or ceramic to create
composite components for
industrial, power generation,
and other end use areas.

IACCS Meeting Arlington, VA May 13, 1992



| Pollution Control Materials and Components I

IILE CONTRACTOR  DESCRIPTION STATUS

Direct Catalytic Battelle Investigate the feasibility of  Alloy materials Reduce NOx

Reduction of NOx using low cost metallic fibers by 90%, however, reduction
for direct conversion of NOx  capabliities are zero in the
In industrial flue streams presence of 02,

Low Cost Reticulated Hi-Tech Certamics Development of Oxide Formulation of new material

Ceramics for Industrial Bonded Silicon Carbide for  completed. Testing by

Bumers Applications Requiring E and refinement at
$120/sqft max cost Hi-Tech ongoing.

Reticulated Ceramics  Selee Corp. Development of 3 Construction of combustion

for Burners and also Altemative Foam Ceramics  facllity underway.

Catalyst Supports for Burner and Catalyst
Suppors

IACCS Meeting Arlington, VA May 13, 1992

| Technology Base I

TTLE CONTRACTOR DESCRIPTION STATUS

Center for Advanced Penn State Establish a Center for CAM is entering its 6th year

Materials University Advanced Materials as GRI suppon decreases.
development and Industry and government
characterization for support are increasing.
accelerating application of Technology Transfer focus
advanced materials group meeting conducted.
technology to natural New manager of engineering
gas users. services is facliitating

advanced materials

assistance to industry.

| IACCS Meeting Arlington, VA May 13, 1992 l



| Power Systems Materials and Components |

IILE CONTRACTOR  DESCRIPTION STATUS
Ceramic Vaive Seats for Southwest mm Valve Seats  Nortor/TRW selected as
Reciprocating Engines  Research Institute  to Valve Train prime materiais supplier.

Wear in Power Generating Coors/Eaton is backup

Engines. This will yield supplier. Test facliity design

fower operating costs and and equipment procurementt

fower spoclk':‘g capital cost. underway. NIST
subcontract negotiations
Initiated.

IACCS Meeting Arlington, VA May 13, 1992

|Industrial Materials: Future Funding I

Il 4.4.6 Budget ($1000)
B2 4.4.6 revised

—

3000

2000

1000

4.4.6 Budget ($1000)

Budget Year

IACCS Meeting Arlington, VA May 13, 1992



|Industrial Materials: 1993 Funding Highlightsl

* 1993 Changes
- Redyce First Year Funding of Ceramic Furnace Component R&D

¢ Outyear Revisions
- Reduce Technology Base Projects to Minimum
- Fund No Advanced Materials R&D Related to Prime Movers
- Reduce Ultra High Temperature Radiant Tube R&D Efforts

» Implications to Structural Ceramics R&D

- Percentage of Structural Ceramics Budget Declines to 60 % of
Industrial Materials Program by 1996

- Only Two Structural Ceramics Projects Scheduled in 1996 and 1997

- GRI will seek to participate in cofunded projects to leverage limited
funds in this area

IACCS Meeting Arlington, VA May 13, 1992
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MATERIALS SCIENCES PROGRAM

METALLURGY AND CERAMICS ($59.5M):

° STRUCTURE OF MATERIALS
° MECHANICAL PROPERTIES
° PHYSICAL PROPERTIES

° RADIATION EFFECTS

° ENGINEERING MATERIALS

SOLID STATE PHYSICS ($50.6M)

° NEUTRON SCATTERING

° EXPERIMENTAL RESEARCH

o THEORETICAL RESEARCH

° PARTICLE-SOLID INTERACTIONS
° ENGINEERING PHYSICS

MATERIALS CHEMISTRY ($19.6M):

° SYNTHESIS AND CHEMICAL STRUCTURE
° POLYMER AND ENGINEERING CHEMISTRY
° HIGH TEMPERATURE AND SURFACE

. CHEMISTRY
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METALLURGY AND CERAMICS THRUST AREAS

MICROCMARACTERIZATION

e  WICROSTRUCTURE AND MICROCHEMICAL AMALYSIS

e  BEFECT ANALYSIS INCLUDING POINT BDEFECTS, DISLOCATIONS,
GRAIN BOUNDARIES, RADIATION DAMAGE ANALYSIS, ETC.

o OPERATE FOUR BATIONAL USER CENTERS FOR
RICROCARACTERIZATION (ARGONNE NATIONAL LABORATORY,

GAK RIDGE NATIONAL LABORATORY, LAWRENCE BERKELEY
LABORATORY, WNIVERSITY OF ILLINOIS)

MECRANICAL BENAYIOR

o  RESPONSE AND BEHAVIOR UNDER APPLIED STRESS
PHYSICAL BENAYIOR

o  DIFFVSION AND TRAKSPORT PHENOMENA

o  SURFACE BEMAVIOR, CORROSION

e  ELECTRONIC BEHAVIOR

o  MAGNETIC BEHAVIOR

e  SUPERCONDUCTING BEHAVIOR

o  SENICONOUCTING BEHAVIOR

RADIATION EFFECTS

o  MECHANISNS OF IRRADIATION DAMAGE

o  MODELING OF IRRADIATION INDUCED DEGRADATION
OTHER

e  WELDING AND JOINING SCIENCE

o  NON-DESTRUCTIVE FLAW DETECTION AND AMALYSIS
o  SYNTHESIS AXD PROCESSING
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BES/DMS STRUCTURAL CERAMICS PROGRAM
SUMMARY OF RESEARCH PROGRAMS FY 1991

SYNTHESIS AND PROCESSING

NATIONAL LABS

AMES LABORATORY 4
lowa State University &
Ames, A 50011 .<54?Z)

20. SYNTHES!IS AND CHARACTERIZATION OF NEW
MATERIALS
J. D. Corbett, R. A. Jacobson, R. E. McCarley
(515) 294-3086 03-1 $550.000

nthesis, structure and bonding in intermetallic
izstems—new Zintl phases, new ternary compounds
siobilzed by interstitials. The effect of cpmmon
imparities on stobility. Systematic Yorlc’nqn of
conduction, magnetic, and corfrosion resistance
properties. Synthesis, bonding. structure and I
properties of new ternary oxide phases containing
heavy transition elements, especially metal-metal
1onded structures stable at high femperatures. Low
tamperature routes to new metal oxide, sulfide and
ritiide compounds. Correlation of structure and
nonding with d-electron count and physiccl
inoperties. Development of diffiaction techniques
tot sngie crystal and non-single crystal specimens.
techniques for pulsed-neutron and synchrotron
10c:ation facilties, and use of Patterson

IDAHO NATIONAL ENGINEERING
LABORATORY
idaho Falls, ID 83415

63, STRESS DISTRIBUTION IN GRADED
MICROSTRUCTURES
B. H. Rabin
(208) 526-0058 01-5 $235,000

Develop fundamental understanding of the effects
of microstructure, processing conditions, and
specimen geometry on the residual stresses In
graded materials intended to mitigate the effects of
the mismatch in properties at dissmiiar material
interfaces. Fabrication of two-phase materials v‘m
controlied microstructural gradients and varying
geometries by electron beam coevaporation and
powder metallurgy techniques. Focus on materlals
systems In which significant property mismatch exists
betweel components, e.g.. ALOy/Ni and Si/Ag.
Measurement of residual stresses by high spatial
resolution X-ray diffraction methods using synchrotron
source. Comparlson of experimental results with
predictions from elastic-plastic finite element
modeling of stress distributions.

Number in parantheses is the estimated percentage for structural
ceramics research. If amount is not indicated, then the.research
is assumed to be concerned totally with structural ceramics.




UNIVERSITY OF ILLINOIS MRL
104 S. Goodwin Avenue
Urbana, It 61801

88. PROCESSING OF MONODISPERSE CERAMIC
POWDERS
C. 2ukosk
(217)333-7379 013 $277.38 (202.)

Low temperature processing of ceramics Including
precipitation of monodisperse oxide powders,
theology of monodisperse powders and mixtures,
and studies of forces in colloidal suspensions, for
the purpose of forming low flaw density, high
performance ceramics.

LAWRENCE BERKELEY LABORATORY
1 Cyclotron Road
Berkeley, CA 94720

110. CAM CERAMIC SCIENCE PROGRAM
Ltutgard C. De Jonghe
(510) 4866138  01-1 $1,302,000

The CAM Ceramic Processing Science Program has
thres linked objectives: the development of
predictive, quantitative theories of denslfication and
microstructure development In heterogeneous
powder compacts, the opplication of these theories
to produce advanced structural ceramics with
improved high temperature performance. and the
evaluation of the mechanical properties of these
ceramics. It develops mode! experiments that
faciitate Investigation of fundamental aspects of
microstructural development and processing, and
thelr application of model ceramic systems. It
develops models and means for inltial powder
compact structural control including the production
and use of cocted powders; it examines the
microstructural evolution and control during
densification in relation to interface properties; it
produces particulate ceramic composites based on
SiC. ond it tests mechanical properties of such
ceramics in particular high temperature creep and
fatigue.

LOS ALAMOS NATIONAL LABORATORY
P. O. Box 1663
Los Alamos, NM 87545

146. SYNTHESIS AND PROCESSING OF SINGLE CRYSTAL
SAPPHIRE FILAMENTS
W. R. Biumenthal
(505) 667-0986  01-5 $235.000

The godl of this project is two-fold and uses a
muttiple disciplinary approach to study single crystal
sapphire fiaments for potential use as high
temperature creep resistant composite
reinforcements. One objective Is to empircally relate
growth parameters used to control the Edge-defined

Aim-growth (EGF) and the Laser-heated Foating
Zone processes to resutting microstructwres and
mechanical properties. A more challenging
objective Is to model the EFG process In order to not
only optimize growth condtions for sapphite, but also
for other candidate reinforcement oxides (e.g.,
YAG). Microstructural and mechanical property
characterization meachanisms controlling flament
strength.

OAK RIDGE NATIONAL LABORATORY
P. O. Box 2008
Oack Ridge, TN 37831-6117

176. SYNTHESIS AND PROPERTIES OF NOVEL MATERIALS
L. A. Boatner, M. M. Abragham, C. B. Finch,
H. E. Harmon, J. O. Ramey., B. C. Sales
(615) 574-5492  02-2 $1,300,000

Preparation and characterization of advanced
materlals including the growth of single crystals and
the development of new crystal growth techniques;
development of new materials through the
application of enriched lsotopes; investigations of the
physical, chemical, and thermal properties of novel
materials using the techniques of thermal analysis,
X+ay diffraction, Mossbouet spectroscopy. lon
Implantation and lon channeling, optical absorption,
high performance liquid chromatography. EPR, and
X<1ay or neutron scattering; application of materials
sclence techniques to the resolution of baslc
research problems; preparation and characterization
of high-T_ superconducting oxides; synthesis and
Investigation of phosphate glasses: development
and characterization of advanced ceramics: solid
siate epliaxal regrowth; growth of perovskite
structure oxides, high temperature materials (MgO,
Ca0, Y,0y. tefractory metal single crystals (ir, Nb, Ta,
V). fastdon conductors, stalnless steels, rapid
solidification and microstructures.



180. THEORY OF CONDENSED MATTER
J. F. Cooke, J. H. Barrett, H. L. Davis, R..Ashman,
K. Rensberg. M. S. Jonon, T. Kaplan, S. H. Uu,
G. D. Mahan, G. D. Mostoller, O. S. Oen,
S. Pettersson, M. Rasolt, M. T. Robinson,
J. C. Wang, R. F. Wood
(615) 574-5787°  02-3 $949.000

Theory of nonequiiibrium solidification in
semiconductors, lattice vibrations in metals and
alloys, lattice dynamics and potential energy
calculations of ionic crystals, computer simulation of
radiation damage. sputtering, and lon implanation
surface studies with backscattered ions,
development of LEED theory and interpretation of
LEED data, surface vibrations and relaxation,
electronic structure of metal surfaces, magnetism in
transttion metails and local moment systems, neutron
scattering at high energles, electronic properties of
mixed-valent and heavy fermion systems, high
temperature superconductivity, critical phenomena
and phase transitions quantum Hall effect, diffusion
and elastic vibrations of fractal systems, and
self-organized critical systems. New directions
include o study of the surface structure of disordered
systems and the development of molecular
dynamics theory and relevant computer programs
for treating interfaces and. ultimately, crystal growth.

188. CHEMISTRY OF ADVANCED INORGANIC
MATERIALS
E. J. Kelly, C. E. Bamberger, J. Brynestad,
L. Maya, C. E. Valet .
(615)574-5024 031 §1083000  (5C%)

Appiication of lon implantation and lon beam mixing
to the generation and systematic study of
surface-modified materials of interest as catalysts,

e.g.. M, ,O./M (M = Ru, I, Rh, etc.) for
electrocatalysls of CL, and O, evoiution;
determination of the reaction mechanism, the
specific catalytic activities, and the electronic
properties of the catalysts via electrochemical,
Rutherford backscattering, and in situ photoacoustic
and photocurrent spectroscopic techniques.
Development of new generalized methodologles for
the synthesls of nonoxidic ceramic materials (BN,
SN, SIC, C-8-N ternarles, and borides, carbides,
carbonlirides. and nitrides of the transition metals of
groups 4, 5, and 6) In powder, fiber, film, or whisker
forms; pyrolysis or photolysis of inorganic or
organometallic precursors; synthesls of
semiconducting C-N-B thin fims via pyrolys!s of
borazine derivatives. Synthesis of TIN whiskers via
reactions of titanates with NGCN or NH, at high
temperatures; topochemically specific solid-state
reactions. Synthesls and characterization of high-T,
superconducting oxides; composition/structure/
property telationships and thelr utilization in
optimization of synthess/processing.

PACIFIC NORTHWEST LABORATORY
P. O. Box 999
Richland, WA 99352

193. MICROSTRUCTURAL MODIFICATION IN CERAMIC
PROCESSING USING INORGANIC POLYMER
DISPERSANTS
G. J. Exarhos, W. D. Samuels,

I. A. Aksay (U. of Wash)
(509) 375-2440  0)-1 $462.000

Fundamental studies of particle compaction
phenomena in colloidal processing of ceramics using
inorganic polymer dispersants. Localzed
particle-polymersolvent interactions probed by
means of in situ molecular spectroscopic
measurements. Integration of spectroscopic data
with particie compaction measurements s used to
evaluate packing efficiency and relate It to
chemical functionality of derivatzed inorganic
polymer dispersants. Response of bound polymers in
the greenbody to high temperatures during sintering
also Is being investigated. Improvement in
mechanical properties of the fired ceramic is
correlated with vold density and distribution which
evolve during processing and with the generation of
Interfacial phases formed by Incorporation of the
polymer dispersant with the ceramic matrix.

199. CERAMIC COMPOSITE SYNTHESIS UTILZING
BIOLOGICAL PROCESSES
P. C. Rieke, A. 1. Caplan, A. |. Caplan,
B. J. Tarasevich, A. H. Heuer (Case Western)
(509) 376-2833  03-1 $694.000

Studies of natural formation of hard tissue that use
polymers as templates to control and orlent ceramic
crystal growth, Crystal growth on modified polymer
surfaces and cell control of crystal growth. Surface,
interface, and collold chemistry of small atom cluster.
Modeling of polymer surfaces and Interactions with
lons In solution.



UNIVERSITIES

CLARK ATLANTA UNIVERSITY
Afianta, GA 30314-4381

256. THE SYNTHESIS, CHARACTERIZATION AND
CHEMISTRY OF $I-C-N-O-M CERAMIC AND
COMPOSITE POWDERS
Y. H. Mariam, Department of Chemistry
(404) 880-8593  01-3 $66.786

Preparation of SI-C-N-O-M/S-C-N-M systems, where
M=Ti or Zr, from sliazane/organosilylamine polymer
precursors. Molecular and chemical structures,
microstructures, composition, morphology and
microcrystallinity of powders investigated by SEM,
TEM, EXAFS, EXELFS, etc. Detailed nitridation folowed
by physical- and chemical-state characterization.
Computational modeling of certain reactions
relevant to nitridation, decompaosition and
cross-inking performed using semiempirical
molecular orbital methods to obtain reaction
enthalples, activation enthalpies and entroples, and
potential energy surfaces. Modeling studies coupled
with TGA/FTIR, decomposition kinetics, evolved gas
anaclysis to Investigate role of chemical reactivity and
structure in formation chemistry of ceramic and
composite powders.



INDUSTRY

SOUTHWEST RESEARCH INSTITUTE
San Antonlo, TX 78284

403. CHARACTERIZATION OF PORE EVOLUTION IN
CERAMICS DURING CREEP FAILURE AND
DENSIFICATION
R. A. Page. Department of Materials and
Mechanics
(512) 522-3252

K. S. Chan, Department of Materials and
Mechanics
(612) 522-2053  01-2 $124.235

Characterization of pore evolution during sintering
and cavitation during creep. Objectives of the
sintering study are the statistical characterization of
pore evolution during densification, identification of
primary variobles affecting pore removal, and
development and evaluation of sintering models.
Objectives of the creep study are to understand the
effects of mictostructural parameters and loading
mode, including uniaxial tension, on the kinetics of
various creep mechanisms, such as grain boundary
sliding and cavity growth. Small angle neutron
scattering (SANS) measurements (supplemented by
TEM, SEM, precision density, and AES
characterization), tensiie-creep measurements, and
grain boundary sliding measurements (using
stereo-imaging technique). Cavity size, distribution,
morphology. and nucleation and growth rates
determined by SANS onalysis. Materials investigated
included alumina and slicon carbide.

BIR

NANOPHASE TECHNOLOGIES
8205 South Cass Ave. CORPORAHON

Darlen, IL 60559

445, NET SHAPE FORMING OF NANOPHASE CERAMICS
FOR MECHANICAL APPLICATIONS
J. C. Parker

(708) 9630282  Phase | SBIR $50,000

Demonstrate net shape forming of various
nanophase ceramics; characterkzation of resulting
shapes with respect to hardness, fracture toughness,
porosity and mechanical stength; development of
database on mechanical and modeling properties
of nanophase ceramics. Metal oxide powders
prepared by gas phase condensation process:
consolldated into simple shapes at different

temperatures and pressing conditions;
characterization. property

SYNERGETIC MATERIALS, INC.
P. O. Box 5574
Auburn, CA 95604

448. PLASTIC BEHAVIOR AND PROPERTIES OF TITANIUM
CARBIDE AND TITANIUM CARBONIRIDE
MONOLITHIC AND COMPOSITE MATERIALS
D. C. Halverson

(916) 8230238  Phase | SBIR $50,000

Piastic behavior and property-microstructure
relationships in titanium carbide (MC) and titanium
carbonltride (TICN) materlals. Monlithic TIC and TICN
Ceramics synthesized using self-propagating high
temperature synthesis (SHS): TIC-metal and
TICN-metal composttes syntheskzed using SHS and
llquid metal infittration (LMI). Microhardness,
macrohardness, fracture toughness; microstructure
evaluation using metallographic, X-tay dffraction
ond electron microprobe analysls,




MECHANICAL PROPERTIES, FRACTURE AND FATIGUE

NATIONAL LABS

AMES LABORATORY
lowa Stote University
Ames, IA 50011

5. MECHANICAL BEHAVIOR OF MATERIALS
W. A. Spitzig. B. Biner, J. Komeda
(515) 294-5082  01-2 $388,000 (307)

Studies of the effects of environment and stress on.
the mechanical properties of metals. intermetallics,
and ceramic composites. Effects of hydrogen on
cracking in alloys under uniaxial and cyclic loading
conditions. Interstitial effects on strength and ductility
In both nonhydrogenated and hydrogenated V, Nb.
ond Ta. High-temperature-induced Intergranular
cracking in Ni base alloys. Effects of
radiation-induced defects and solute segregation on
Intergranular embrittiement. Modeling of hydrogen
emburittiement. Description of three dimensional
arays of defects and relationship of arangement to
ductilty and mechanical properties. Correlation
between defect structure and nondestructive
measurement.

UNIVERSITY OF ILLINOIS MRL
104 S. Goodwin Avenue
Urbang, IL 61801

82. HIGH TEMPERATURE MECHANICAL BEHAVIOR OF
CERAMICS
D.F. Socle
(217) 333-7630  01-2 $90.910

Behavior of englneering materials subjected top
compiex loading Involving high temperatures,
muttiaxial state of stress, and time dependent state
of stress. Macroscopic damage models are being
developed on the basls of microscopic studes of
defects accumuicted in the materials. High
temperature mechanical properties of ceramics
under uniaxial, multiaxial, and fatigue conditions.

83. SUBCRITICAL CRACK GROWTH IN STRUCTURAL
CERAMICS
J. F. Stubbins
(217) 333-6474 01-2 $80,884

Micromechanisms of fallure at elevated
temperatures under creep, fatigue and aggressive
environmental conditions. Role of oxide films on
crack Initiation and propagation. Microstructural
examination of reglons In front of cracks and of the
disiocation structures ore related to micromechanics
of failure. Crack propagation kinetics in ceramics at
high temperatures and in aggressive atmospheres.
Subcritical crack growth In ceramics.




OAK RIDGE NATIONAL LABORATORY
P. O. Box 2008
Oak Ridge, TN 37831-6117

168. TOUGHENING AND RELATED PROCESSING
MECHANISMS IN CERAMICS
. P.F.Becher.¥  Alexandel, A. Bieler,
C.-H. Hsueh
(615) 574-5157  01-5 $986.000

Experimental and theoretical approaches are being
developed to provide new insights into mechanisms
which improve the toughness, strength, and elevated
temperature mechanical performance of ceramics
with companion studies in ceramic processing
leading to controlled denslification, microstructures
and compositions, In such toughened systems. The
pertinent micro- and macro-scopic characteristics
are directly related to phenomena that are
controlled during powder synthesls, powder
processing, ond densification. Thus, this task
Incorporates interdiscipiinary studies of the
fundamentai descriptions of powder synthesis and
processing and thelr influence on densification
mechanisms and microstructure evolution during
densification. These are drectly coupled with studies
of the role of microstructure, compostion, and
defects in the mechanical behavior of ceramics and
descriptions of toughening-strengthening and related
mechanisms. A primary consideration of these
studies Is providing the fundamental insights for
design and fabrication of ceramics and ceramic
composttes (e.g.. transformation and second phase
toughening behaviors).

UNIVERSITIES

BROWN UNIVERSITY
Providence, RI 02912

222. FATIGUE CRACK GROWTH UNDER FAR-FIELD
CYCLIC COMPRESSION
§. Suresh, Division of Engineering
(401) 863-2626  01-2 $93.405

Experimental and theoretical investigation of stable
crack growth under static and cyclic tenslle loads in
monolithic and ceramic matrix composites up to
1500 C. Effects of loading rate/cyclic frequency.
hold time. cyclic means stress and test temperature
on rates of subcritical crack growth; characterization
of crack advance by fracture mechanics;
characterlzation of crack-tip damoge by transmission
electron microscopy: effects of pre-existing
amorphous fims and amorphous fims tormea at rest
temperature. Finite element smulations of evolution
of cyclic damage zones ahead of tensile fatigue
cracks using constitutive formulations to represent
experimentally determined damage mechanisms.

UNIVERSITY OF CALIFORNIA AT SANTA

BARBARA
Santa Barbara, CA 95106

235. STRUCTURE AND CHEMISTRY OF METAL/CERAMIC
INTERFACES
A. G. Evans, Materials Department
(805) 961-8275  01-1 $52,746 (24 months)

Different metals and ceramics joined under
well-defined, instrumented, bonding conditions.
Reaction layers for different metal/ceramic
combinations identified and quantified by anatytical
electron microscopy. Defect structure determined by
high resolution electron microscopy. Theoretical
models of bonding and chemistry of interfaces.



CARNEGIE MELLON UNIVERSITY
3325 Sclence Hall
Pitisburgh, PA 15213

249. THEORETICAL MODELS FOR THE ULTIMATE
STRENGTH AND FLAW RESISTANCE OF
UNDIRECTIONALLY-REINFORCED CERAMIC-MATRIX
COMPOSITES
P. S. Steif, Department of Mechanlcal Engineering
(412) 268-3507  01-2 $98,500

Theoretical study of microstructural determinants of
strength and toughnaess in fiber-reinforced ceramics.
Macroscopic properties include: the uttimate tensile
strength paralle! to the fibers and the resistance to
matrix flaws which propagate normal to the fiber
direction. Understanding of the extent to which
these macroscoplc properties depend on critical
micro-evel properties, including, the character of the
fiber-matrix Interface, as well as the fiber and matrix
modull, strength and strength variabllity. Theoretical
approach to incorporate the influence of the
Interface via micro-mechanics models of the
Interface, that reflect elther the presence of
chemical bonding or the possibliity of interfacial

slippage.

UNIVERSITY OF DENVER
Denver, CO 80208

279. RESIDUAL STRESSES IN FIBER-REINFORCED
CERAMIC COMPOSITES BY DIFFRACTION METHODS
P. K. Predecki, Department of Engineering
(303) 871-3570  01-2 $59,160

Residual stresses and strains in ceramic fiber/ceramic
matiix composites by X-ray diffraction to obtain near
surface stresses and by neutron diffraction to obtain
the bulk microstresses in each crystaline phase.
Diffraction mecsurements as function of temperature
on well-characterized specimens in which efther the
therma! expansion of the matrix or the fiber surfoce
treatment has been varied. Materials investigated
include aluming fibers In sliicate glasses and SIC
whiskers in olumina. Noyan-Cohen analysis
accounting for 3-dimensional nature of stresses and
including. where possible, separation of
macrostresses and microstress components In each
phase. Results corelated with mechanical
properties and therma! expansion via existing models
for composite behavior. Objectlve Is to provide a
test for such modeils and 1o see If the techniques are
useful for predicting strength, toughness, and thermal
expansion of these materials.

MICHIGAN STATE UNIVERSITY
East Lansing, M 48824

319. THEORETICAL STUDIES OF BREAKDOWN IN
RANDOM MEDIA
P. M. Dutoury, Department of Phyics
and Astronomy
GININW 013 564000 (509

Scaling theories and numerical algorithms for
predicting structure/extreme property relationships in
random media. Use of concepts in statistical
mechanics, dsordered systems and nonequillibrium
growth In conjunction with fracture mechanics,
damage mechanics and dielectric breakdown to
develop unified perspective of breakdown
phenomena. Development of generic modals and

general methodology, and treatment of cific
breakdown problems. e

PENNSYLVANIA STATE UNIVERSITY
University Park, PA 16802

371. THE MECHANICAL BEHAVIOR OF SURFACE
MODIFIED CERAMICS
D. J. Green, College of Earth and
Mineral Sclences
(814) 863-2011 01-2 $80,000

Modification of surface layers of ceramics to
Introduce surface compression and Increase
hardness and fracture toughness of transformation
toughened ZrO, and ALO,. Surface infiltration when
cerarnic Is pressed or partially sintered.

Development of o second phase surface layer
during final densification. Indentation cracking used
to study crack nucleation and growth and determine
fracture toughness. Stress and composition profiles
determined by NSLS X-ray diffraction data.

STANFORD UNIVERSITY
Stanford, CA 94305-6060

407. A STUDY OF MECHANICAL PROCESSING DAMAGE
IN BRITTLE MATERIALS
B. T. Khurl-Yakub, Department of Electrical
Engineering
(415) 7230718  01-5 $60,000

Study of mechanical damoge and surface residual
stresses assoclated with mechanical processing of
brittle materials. Study of how defects in the green
state of ceramic components evolve. Also, machine
damage on curved surfaces. Development of a
theory for calculating the behavior of surface wave
propagation on curved surfaces. Materials include
slicon nitride, porous sllicon, and a varlety of ceramic
materlals.



UNIVERSITY OF UTAH
Salt Lake City, UT 84112

417. ALUMINA REINFORCED TETRAGONAL ZIRCONIA
(12P) COMPOSITES
D. K. Shetty, Department of Materials Sclence
and Engineering
(801) 5816449  01-2 §90,712

Transformation toughening and reinforcement in
composites; modeling of dependence of fiber-matrix
Interfaclial properties on thermal expansion mismatch
and processing temperature with glass-matrix
composities; relationship between matrix cracking
stress and Interfacial properties. Effect of secondary
additives on fransformation toughening of
Ce-1ZP-clumina composites. Effects of fiber coatings
on interfacial bonding and mechanical properties of
aluming fiber-reinforced Y-TZP composites.
Electrical-mechanical onalog to evaluate
stress-intensity factors for matrix cracks in fiber
teinforced composttes.

INDUSTRY

ROCKWELL INTERNATIONAL
Thousand Oaks, CA 91380

399. MECHANISMS OF MECHANICAL FATIGUE IN
CERAMICS
B. N. Cox, Science Centar
(805) 3734128

D. B. Marshall, Science Center
(805) 373-4170  01-2 $123.161

Investigate the relationship between microstructure
and fatigue behavior in fiber/whisker and metal
reinforced ceramics. Distinguish crackbridging and
crack-tip-shielding mechanisms by very percise
measurements of crack opening displacements and
displacements flelds ahead of the crack-tip using o
computer-based high accuracy strain mapping
system (HASMAP). Study the rate of change of
crack-bridging forces and the nonlinear constitutive
behavior that causes crack-shieldng. Systematic
studies of the effects of variations In microstructure
and changes in interface characteristics on fatigue.



ATOMIC STRUCTURE AND MICROSTRUCTURE

NATIONAL LABS

LOS ALAMOS NATIONAL LABORATORY
P. O. Box 1663
Los Alomos, NM 87545

147. INTERFACIAL AND RADIATION EFFECTS IN
STRUCTURAL AND SUPERCONDUCTING CERAMICS
1. E. Mitchell, A. L. Graham, J. J. Petrovic,
K. E. Sickafus
(505) 6670938 01-5 $630,000 (607)

Interface effects in structural ceramic composites.
Synthesis of Si,N,, SIC and Al,O, ceramics with VLS SIC
whiskers. Interface modification. Characterzation by
high resoiution and analytical electron microscopy.
Interface adhesion and crack propagation in
ceromic composites. Modeling of stress distribution
and crack propagation by finite element codes.
iradation-induced structures produced in high
temperature superconductors by electronic
excitation, lon bombardment and neutron radiation.
Characterzation by HREM, AEM, stored energy.
electrical and magnetic property measurements.
The role of iradiation in strength, fracture and
interfacial properties of structural ceramics.

OAK RIDGE NATIONAL LABORATORY
P. O. Box 2008
Oak Ridge, TN 37831-6117

164. MICROSCOPY AND MICROANALYSIS
J. Bentley, E. A. Kenlk, M. K. Miller .
(615) 574-5067  01-1 $812,000 C,Z() Z)

Development ond application of analytical electron
microscopy (AEM) and atom-probe field-ion
microscopy (APFIM) to determine the microstructure
ond microchemistry of materials, Equiibrium and
radiction-induced segregation at grain-boundaries
and Interfaces by APFIM/AEM, cortrelation of GB
structure and segregation. Radial distribution
function determination by EXELFS and electron
ditfraction intensity profiles. APFIM/AEM studies of
high-T, superconductors. Lattice site location in
alioys by electron channeling microanalyss. APFIM
characterzation of modulated structures, spinodals,
oarly stages of phase transformations, and inadiated
pressure vessel steels. GB phases and segregation in
structural ceramics, iondmplanted ceramics, boron
segregation and disiocations in Ni,Al, short and
long-range order In Ni,Mo.

UNIVERSITIES

ARIZONA STATE UNIVERSITY
Tompe.AZ 85287

216. HIGH RESOLUTION ENERGY LOSS RESEARCH: Sl
COMPOUND CERAMICS AND COMPOSITES .
R. W. Carpenter, Center for Solid State Science
(602) 965-4546

$. H. Un, Department of Chemistry
(602) 965-3715  01-1 $108,600

High spatial resolution analytical electron microscopy
investigation with a fieid emission source of the
elemental composition and local electronic structure
of small amorphous and crystaliine reglons In silicon
carbide and slicon nitride and In Interfaclal reaction
zones of metal/ceramic and ceromic/ceramic
composites. Development of theoretical methods for
EELS spectral analysls. Quantitative analysis of
small-probe current distribution In real and reciprocal
space for field emission gun analytical electron
microscopes to permit quantitative analysis of
compositional gradients.

UNIVERSITY OF CALIFORNIA AT SANTA
BARBARA
Santa Barbara, CA 93106

234. FUNDAMENTAL STUDIES OF THE
INTERRELATIONSHIP BETWEEN GRAIN-BOUNDARY
PROPERTIES AND THE MACROSCOPIC PROPERTIES
OF POLYCRYSTALLINE MATERIALS
D. R. Clarke, Materlals Department
(805) 893-8232  01-1 $100,000 (507%)

Relationships between properties of individual grain-
boundaries ond macroscopic properties of
polyphase, polycrystalline materials. Measurement of
electrical properties and plastic deformation of
grain-boundaries in bicrystals as a function of
bicrystallography determined by electron channeling
and high resolution transmission electron microscopy.
Comparison of results from polycrystalline thin films
and composad to simulations.



UNIVERSITY OF MINNESOTA
Minneapolls, MN 55455

264. CRYSTALLINE-AMORPHOUS OXIDE INTERFACES
AND RELATION TO GRAIN-BOUNDARY FILMS
C. B. Carter, Depariment of Materials Science
and Engineering
(607) 255-4797  01-1 $137.751

Study of structure and chemistry of the Interface
between an amorphous material and crystaline
form. Surface reaction on a bicrystal sample
examined by cross-sectional transmission electron
microscopy ond reaction of ¢ glass-forming vapor
with a pre-thinned TEM sample. Materlals studied are
alumina, magnesia and siicon.

> Former/y oc/‘ (‘ov‘r\e/, (/fm'vffj ﬁl\/.

CORNELL UNIVERSITY
thaca, NY 14853

269. CERAMIC FILMS AND INTERFACES: CHEMICAL
AND MECHANICAL PROPERTIES
Rishi Raj, Department of Materials Sclence
and Engineering
(607) 2554040 01-2 $176.630

Structure and composition of Interfaces between
dissimliar ceramics and correlation between
structure, chemistry and mechanical properties.
investigation will use alumina/zirconia Interfaces In
layered thin flims under controlled oxygen partiat
pressures. Special emphasis on the formation of
Intergranular phoses. Structure characterized by high
resoiution TEM, chemistry by sconning TEM, and
mechanical properties by Intemal friction, fractute,
and plastictty.

LEHIGH UNIVERSITY
Bethlehemn, PA 18015

302. HIGH RESOLUTION MICROSTRUCTURAL AND
MICROCHEMICAL ANALYSIS OF ZIRCONIA
EUTECTIC INTERFACES
M. R. Notis, Department of Metallurgy and
Maoterials Sciences
(215) 75844225  01-1 $116,535

“Eutectic interfaces studied In as-grown MnO-2r0,,
NIO-ZrO(Y®3 CoO-ZRO,(Ca0), and NiO-Y,0, systems.
High resolution microstructural and microanalytical
methods (HRTEM, CBED and PEELS),used to study
interfaces in plan-view and conventional
configurations. ‘Local oxidation state across grain-
boundaries in single phase MnO and MnO-ZrO,
studied as function of oxygen partial pressure.
Segregation effects due to ternary additions
measured at interphase Interfoces and at local
-defects and faults within interfaces.

UNIVERSITY OF MICHIGAN
Ann Arbor, Ml 48109-2136

321. FUNDAMENTAL ALLOY DESIGN OF OXIDE
CERAMICS AND THEIR COMPOSITES
l. -‘W. Chen, Department of Materials Science
and Engineering .
(313) 763-6661  01-2 $95,642

Three alloy design approaches to oxide ceramics for
sttuctural and energy applications. Aliovalent ions in
solid solutions investigated for space charge
segregation and effects on grain growth, dislocation
creep and intergranular cavitation. Precipitation of
spinel-based layers compounds studied for
toughened and strengthened composites. Ceramic
matrix composites with Interpenetrating ductile
phase prepared by Infiitration of porous ceramic
preforms with liquid under pressure. Structure
property relationships established through variation of
microchemical, microstructural, crystallographic, ond
other material parameters.

UNIVERSITY OF UTAH
Salt Lake City, UT 84112

416. FABRICATION, PHASE TRANSFORMATION STUDIES,
AND CHARACTERIZATION OF SIC-ALN-AL,OC
A. V. Virkar, Department of Materials Science
and Engineering
(801) 581-5396  01-1 $80,683

Analysis of phase equilibria and phase
transformations and the relationship between creep
behavior and microstructure in the SIC-AIN-ALOC
system. Diffusional phase transformations leading to
phase separation. Modulated microstructures
developed by spinodal decomposition. Cellular
precipitation. Dependence of creep behavior on
composition and microstructure.



CHEMICAL REACTIONS AND MASS TRANSPORT

NATIONAL LABS

UNIVERSITY OF ILLINOIS MRL
104 S. Goodwin Avenue
Urbana, IL 61801

77. MICROSTRUCTURE EVOLUTION, INTERFACES AND
PROPERTIES IN STRUCTURAL CERAMIC COMPOSITES
A. Zongvil
(217) 3336829 01-1 §171.319

Microstructure and microchemistry of SIC with
covalent additives, such as AN, BN and BeQ; solid
solution formation in SC based systems; effect of
processing varlables and additives on polytypism
and microchemistry. Interfaces and toughening
mechanisms In SIC- and mullite-matrix composites.
Application of microanalytic methods to analysis of
the structure and microchemistry of ceramic high-T,
superconguctors.

UNIVERSITIES

OREGON STATE UNIVERSITY
Corvallis, OR 9733}

367. HYPERFINE EXPERIMENTAL INVESTIGATION OF
2IRCONIA CERAMICS
J. A. Gardner. Department of Physics
(503) 737-3278  01-1 $110497

Perturbed angular correlation (PAC) spectroscopy of
nuclear gamma rays to investigate Zr-containing
ceramics. PAC characterization of free energles,
transformation mechanisms, equlibrium phase
boundarles, diffusion and relaxation models, short
range order, order-disorder reactions, ond
elovated-temperature/time dependent effects in
various Zrconla-based ceramics that contaln elther
Hf-181 or In-111 os a probe. lnvestigation of Z-91 in
Zrconla by nuclear quadrupole resonance (NQR)
ond of 0-17 substituted zirconio by nuclear magnetic
resonance (NMR). NQR/NMR experiments to
complement and expand the studies of local
structure and oxygen vacancy dynamics underway
with PAC.



THEORY AND MODELING

NATIONAL LABS

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Il 60439

36. MODELING AND THEORY OF INTERFACES
D. Wolt, 5. Philpot, S. Yip
(708) 2525205 023 $265,000 (302)

Computer simulation of the physical properties of
solid interfaces. such as grain and interphase
boundarles, thin fims and superattices, InvoiMng
both atomistic simulation methods (attice statics and
dynamics, molecular dynamics, Monte Corlo). The
atomistic amulations are used to determine. for
example, the structure, free energy and elastic
properties of solid interfaces as a function of
temperature. the point-defect properties of
interfaces, such as impurity segregation and diffusion,
and the properties of voids in grain boundaries ond
inthe bulk. Materlals considered involve metais,
semiconductors ond ceramics as well as interfaces
between them.

UNIVERSIT

UNIVERSITY OF MISSOURI AT KANSAS CITY
Kansas City, MO 64110-24%9

334. THEORETICAL STUDIES ON THE ELECTRONIC
STRUCTURE AND PROPERTIES OF CERAMIC
CRYSTALS AND GLASSES -
W. -V. Ching. Department of Physics
(816) 2352503  01-1 $105572 l 302)

Calculation by means of orthogonalized linear
combination of atomic obltals (OLCAO) of electronic
structure and linear optical properties for a larger
number of oxide, nitride. phosphate, slicate, Hil-V
semiconductors, metallic glass and high-T,
superconducting materials. Local density functional
calculation of important bulk properties, phonon
frequencies and structural phase transitions for
selected materials. Formulation of caiculational
method for nonlinear optical properties. Calculation
of magnetic properties of rare earth-ron-boron
magnetic alloys and related intermetallic
compounds.

OREGON STATE UNIVERSITY
Corvaliis, OR 97331

362. THEORETICAL STUDIES OF ZIRCONIA AND RELATED

MATERIALS
H. J. F. Jansen, Department of Physics
(503) 754-4631 01-3 $58,300

Total energy calculations of the electronic
structure of zirconia and related materials used
to obtain the electronic energy and the charge
density as a function of atomic arrangement.
Study of field-gradients, lattice relaxation,
phonon spectrum, oxygen mobility and transport.
8oth Full Potential Linearized Augmented Plane
¥ave (FLAPW) and Monte Carlo techniques used.



IRRADIATION EFFECTS

NATIONAL LABS

LOS ALAMOS NATIONAL LABORATORY
P. O. Box 1683
Los Alamos, NM 87545

145. NEUTRON IRRADIATION INDUCED METASTABLE
STRUCTURES
K. E. Sickofus. Jr. Clinard, F. W., M. Nastas!
(505) 665-3457 014 $269.000

imodation phenomena and damoge microstructures
tesuting from neutron inadiation of ceramics and
intermetallic compounds. Investigation of cascae
damage events in mode! materials, complemented
by physical property measurements and lon
iradiation tests. where the latter can elucidate
neutron domage effects. Computer simulation is
used to ossist in understanding the nature of
damage events.

OAK RIDGE NATIONAL LABORATORY

P. O. Box 2008
Oak Ridge, TN 37831-6117

170. STRUCTURE AND PROPERTIES OF SURFACES AND
INTERFACES
L. L. Horton, C. J. McHargue
(615) 574-5081  01-5 $695.,000

Structure of iondmplanted ALO,, SIC, and Tig, by
backscattering-channeling and TEM, hardening,
surface fracture toughening and wear of
londmplanted ceramics, structure and properties
studied as a function of implantation parameters
(temperature, fluence, energy, lon species) and
annealing (temperature and environment).
Mechanical behaviar of thin fiims and Interfaces,
stress relaxation and dissipation. Adherence of oxide
and metal fiims. lon beam mixing and amorphization
of multiicyer metallic alloys and ceramics.

PACIFIC NORTHWEST LABORATORY
P. O. Box 999
Richiand, WA 99352

197. IRRADIATION EFFECTS IN CERAMICS
W. J. Weber, N. J. Hess
(509) 375-2299 014 $50,000

Muttidisciplinary research on the production, nature,
and accumulation of imadiation-nduced defects,
microsturctures, and solid-state fransformations in
ceramics. kradiations with neutrons, ions, ond
electrons to study point defect production and
associate effects from both single dispiacement
events and high-energy displacement cascades.
Develop understandng of structural stablliity and
iradiation-induced amorphization in ceramics.
Computer simulations of defect production/
survivablity, defect stabllity, and defect migration.
The Investigations utilize X-ray and neutron diffraction,
electron microscopy. EXAFS, laser spectroscoples, ion
beam techniques. and electrical property
measurements to characterkze the defects,
microstructures, and transformations introduced by
Iradiation In simple and complex oxides, carbides,
and nitrides. Work includes the development of
techniques for In situ characterization during neutron
and lon beam Irradiations.



UNIVERSITIES

UNIVERSITY OF CALIFORNIA AT DAVIS
Davis, CA 95616

225. INVESTIGATION OF RADIATION DAMAGE AND
DECOMPOSITION OF CERAMICS USING ELECTRON
MICROSCOPY
D. G. Howitt, Department of Mechanical
Engineering .

(916) 7520580 014 $95,000 (30%)

Investigation of electron and lon Iradiation induced
lonzation, displacement damage, diffusion, and
stimulated desorption by means of in situ analytical
electron microscopy and mass spectroscopy. Study
of lon mixing effects under lon Iradiation. Materials
include dielectrics and semiconductors. Study of
free standing ceramics thin films.
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CURRENT PROJECTS AND FUNDING FOR THE
CERAMIC TECHNOLOGY PROJECT, U.S. DOE
OFFICE OF TRANSPORTATION TECHNOLOGIES,
R. B. SCHULZ, PROGRAM MANAGER

MATERIALS AND PROCESSING

High Temperature SX Silicon Carbide (WBS No. 1113)

PERFORMING ORGANIZATION: Carborundum Company
Carborundum Contact - Roger S. Storm, 716-278-2544
ORNL Contact - E. L. Long, Jr., 615-574-5172

FUNDING (3K) PROFILE: FY 1992 FY 1993 (EST)
287 0

Attrition Milling of Silicon Nitride Powder (WBS No. 1118)

PERFORMING ORGANIZATION: National Institute of Standards and Technology (NIST)
National Institute of Standards and Technology (NIST) Contact - S. Malghan, 301-975-6101
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
110 110

Microwave Sintering (WBS No. 1124)

PERFORMING ORGANIZATION: ORNL
ORNL Contact - T. N. Tiegs, 615-574-5173

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
400 400

Cost Effective Silicon Nitride Powder RFP (WBS No. 1125)

PERFORMING ORGANIZATION: TBD

ORNL Contact: S. G. Winslow, 615-574-0965

"FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
: 500 1000



Novel Si;N, Process (WBS No. 1126)
PERFORMING ORGANIZATION: Sulli\;an Mining Corporation

Sullivan Contact - T. M., Sullivan, 619-692-1180
ORNL Contact - E. L. Long, Jr., 615-574-5172

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
144 500

.Cost Effective Sinten'ng of Silicon Nitride Ceramics (WBS No. 1127)
PERFORMING ORGANIZATION: Southern Illinois University
Southern Iilinois University Contact: D. E. Wittmer, 618-453-7006/7924
ORNL Contact: T. N. Tiegs, 615-574-5173

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
74 74

Cost Effective Manufacture of SRBSN Components (WBS No. 1128)
PERFORMING ORGANIZATION: Coors Ceramics Company

Coors Contact: Jack D. Sibold, 303-277-4441
ORNL Contact: R. L. Beatty, 615-574-4536

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
250 0

Advanced Processing (WBS No. 1141)
PERFORMING ORGANIZATION: Norton Company

Norton Contact - D. M. Tracey, 508-393-5811
ORNL Contact - R. L. Beatty, 615-574-4536

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
1575 200



Processing of Monolithics (WBS No. 1142)

PERFORMING ORGANIZATION: ORNL
ORNL Contact: S. D. Nunn, 615-574-9978

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
650 650

Advanced Composites {WBS No. 1225)

PERFORMING ORGANIZATION: University of Michigan
University of Michigan Contact: T. Y. Tien, 313-764-9449
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
260 281

In-situ Toughened Si,N, (WBS No. 1226)

PERFORMING ORGANIZATION: Garrett Ceramic Components Division
Garrett Contact - H. C. Yeh, 213-618-7449
ORNL Contact - T. N. Tiegs, 615-574-5173

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
500 500

Dispersion Toughened Oxide Composites (WBS No. 1231)
PERFORMING ORGANIZATION: ORNL

ORNL Contact - T. N. Tiegs, 615-574-5173

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
350 350



Low Expansion Ceramics (WBS No. 1242)

PERFORMING ORGANIZATION: Virginia Polytechnic Institute and State University
VPI & SU Contact - J. J. Brown, 703-961-6640
ORNL Contact - V. J. Tennery, 615-574-5123

FUNDING (3K) PROFILE: FY 1992 FY 1993 (EST)
162 0

Low Expansion Ceramics (WBS No. 1244)

PERFORMING ORGANIZATION: TBD
ORNL Contact: D. P. Stinton, 615-574-4556

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
500 500

Advanced Coating Technology (WBS No. 1311)
PERFORMING ORGANIZATION: ORNL

ORNL Contact - D. P. Stinton, 615-574-4556

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
175 175

Coatings to Reduce Contact Stress Damlaae of Ceramics (WBS No. 1313)

PERFORMING ORGANIZATION: Boston University
Boston University Contact: V. K. Sarin, 617-353-2842
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
50 50



Wear Resistant Coatings (WBS No. 1331)
PERFORMING ORGANIZATION: Caterpillar

Caterpillar Contact - M. H. Haselkorn, 209-578-6624
ORNL Contact - D. P. Stinton, 615-574-4556

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
249 0

Wear Resistant Coatings (WBS No. 1332)

PERFORMING ORGANIZATION: Cummins Engine Company, Inc.
Cummins Contact - Malcolm Naylor, 812-377-5000

ORNL Contact - D. P. Stinton, 615-574-4556

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
0 400

Thick Thermal Barrier Coating Systems for Low Heat Rejection Diesel Engines (WBS No. 1342)

PERFORMING ORGANIZATION: Caterpillar Inc.
Caterpillar Contact - M. B. Beardsley, 309-578-8514
ORNL Contact: D. P. Stinton, 615-574-4556

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
139 175

Active Metal Brazing PSZ- Iron (WBS No. 1411)

PERFORMING ORGANIZATION: ORNL

ORNL Contact - M. L. Santella, 615-574-4805

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
220 220




Ceramic-Ceramic Joints AGT (WBS No. 1421)

PERFORMING ORGANIZATION: Norton Company
Norton Contact - N. D. Corbin, 508-393-5660
ORNL Contact - M. L. Santella, 615-574-4805

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
234 0

Cost Effective Ceramic Machining (WBS No. 1500)
PERFORMING ORGANIZATION: TBD

ORNL Contact - P. J. Blau, 615-574-5377

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
700 1700

Chemically Assisted Machining of Ceramics
PERFORMING ORGANIZATION: National Institute of Science and Technology (NIST)

NIST Contact - Steven M. Hsu, 301-975-6119
ORNL Contact - P. J. Blau, 615-574-5377

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
150 150

Grinding Optimization for Advanced Ceramics

PERFORMING ORGANIZATION: National Institute of Science and Technology (NIST)
NIST Contact - Said Jahanmir, 301-975-6871
ORNL Contact - P. J. Blau, 615-574-5377

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
150 150




Cost Effective Ceramic Manufacturing (WBS No. 1502)

PERFORMING ORGANIZATION: TBD
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)

200 3000




MATERIALS DESIGN METHODOLOGY

Coating Adherence on Ceramic Substrates (WBS No. 2212)

PERFORMING ORGANIZATION: University of Tennessee
University of Tennessee Contact - Debra L. Joslin, 615-574-4343
ORNL Contact - L. L. Horton, 615-574-5801

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
30 0

Advanced Statistics Calculations (WBS No. 2313)

PERFORMING ORGANIZATION: General Electric Research and Development Center
GE Contact - C. A. Johnson, 518-387-6421
ORNL Contact - M. K. Ferber, 615-576-0818

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
100 100




DATA BASE/LIFE PREDICTION

Microstructural Analysis (WBS No. 3111)

PERFORMING ORGANIZATION: National Institute of Standards and Technology (NIST)
NIST Contact - S. M. Wiederhorn, 301-975-2000
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
50 50

Mechanical Properties and Microstructural Characterization of Si.N, Ceramics (WBS No. 3114)
PERFORMING ORGANIZATION: ORNL
ORNL Contact - T. A. Nolan, 615-574-0811

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
200 200

Project Data Base (WBS No. 3117)
PERFORMIl\iG ORGANIZATION: ORNL

ORNL Contact - B. L. Keyes, 615-574-5113

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
240 240

Fracture Behavior of Toughened Ceramics (WBS No. 3213)

PERFORMING ORGANIZATION: ORNL
ORNL Contact - P. F. Becher, 615-574-5157

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
290 290




Cyclic Fatisue of Toughened Ceramics (WBS No. 3214)

PERFORMING ORGANIZATION: ORNL

ORNL Contact - K. C. Liu, 615-574-5116

FUNDING (3K) PROFILE: FY 1992 FY 1993 (EST)
220 220

Tensile Stress Rupture Development (WBS No. 3215)
PERFORMING ORGANIZATION: ORNL

ORNL Contact - K. C. Liu, 615-574-5116

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
- 300 300

Rotor Materials Data Base (WBS No. 3216)

PERFORMING ORGANIZATION: ORNL
ORNL Contact - M. K. Ferber, 615-576-0818

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
200 200

Toughened Ceramics Life Prediction (WBS No. 3217)
 PERFORMING ORGANIZATION: NASA-Lewis Research Center
NASA Contact - Stanley R. Levine, 216-433-3276

ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
| 200 200



Life Prediction Methodology (WBS No. 3222)
PERFORMING ORGANIZATION: Allison Gas Turbine Division

Allison Contact - P. K. Khandelwal, 317-230-3805
ORNL Contact - C. R. Brinkman, 615-574-5106

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
0 0

Life Prediction Methodology (WBS No. 3723)
PERFORMING ORGANIZATION: Garrett Auxiliary Power Division

Garrett Contact - Carolyn McCormick, 602-220-3016
ORNL Contact - C. R. Brinkman, 615-574-5106

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
501 600

Environmental Effects in Toughened Ceramics (WBS No. 3314)

PERFORMING ORGANIZATION: University of Dayton
University of Dayton Contact - N. L. Hecht, 513-229-4341
ORNL Contact - V. J. Tennery, 615-574-5123

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
400 400

High Temperature Tensile Testing (WBS No. 3412)

PERFORMING ORGANIZATION: North Carolina A&T State University
North Carolina A&T State University Contact - J. Sankar, 919-334-7620
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)

200 200




Standard Tensile Test Development (WBS No. 3413)

PERFORMING ORGANIZATION: National Institute of Standards and Technology (NIST)
NIST Contact - S. M. Wiederhorn, 301-975-2000
ORNL Contact - D. Ray Johnson, 615-576-6832
FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
125 125

Non-Destructive Evaluation (WBS No. 3511)

PERFORMING ORGANIZATION: ORNL

ORNL Contact - D. J. McGuire, 615-574-4835

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
' 360 360

Computed Tomography (WBS No. 3515)
PERFORMING ORGANIZATION: Argonne National Laboratory

Argonne Contact - W. A. Ellingson, 312-972-5068
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992  FY 1993 (EST)
9% 60

Nuclear Magnetic Resonance Imaging (WBS No. 3516)
PERFORMING ORGANIZATION: Argonne National Laboratory

Argonne Contact - W. A. Ellingson, 312-972-5068

ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
- 65 125



TECHNOLOGY TRANSFER

International Exchange Agreement (WBS No. 4115)

PERFORMING ORGANIZATION: ORNL
ORNL Contact - V. J. Tennery, 615-574-5123

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
400 400

Standard Reference Powders (WBS No. 4116)

PERFORMING ORGANIZATION: National Institute of Standards and Technology (NIST)
NIST Contact - S. Malghan‘, 301-975-6101

ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: ﬂl_ls%gg FY 1993 (EST)

Development of K, Standard (WBS No. 4121)

PERFORMING ORGANIZATION: National Institute of Standards and Technology (NIST)
NIST Contact - G. Quinn, 301-975-5765
ORNL Contact - D. Ray Johnson, 615-576-6832

FUNDING ($K) PROFILE: FY 1992 FY 1993 (EST)
100 100
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NSF STRUCTURAL OTHERS

CERAMICS
K$ K$
DMR
Division of Materials Research
CER 1,740 1,520
Ceramics Program
MRG 600 1,070
Materials Research Groups
MRL 1,750 200
Materials Research Laboratories
SUBTOTAL: 4,090 2,790
ENG
Directorate for Engineering
CTS 100
Chemical & Thermal Systems
DDM 600 600
Design & Manufacturing Systems
ECS 100 100
Electrical & Communications Systems
EEC 100 100
Engineering Education & Centers
MSS 200 100
Mechanical & Structural Systems
SUBTOTAL: 1,000 900
TOTAL: $5,090K $3,690K

MAY 12, 1992 58.0% 42.0%
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MATERIALS
SYNTHESIS
AND PROCESSING:

Research at the Interfaces of
Materials Research, Engineering,
Chemistry, and Biology

DIVISION OF MATERIALS RESEARCH

DIVISION OF CELLULAR BIOSCIENCES

DIVISION OF MOLECULAR BIOSCIENCES

DIVISION OF CHEMISTRY

DIVISION OF BIOLOGICAL AND CRITICAL SYSTEMS

DIVISION OF CHEMICAL AND THERMAL SYSTEMS

DIVISION OF DESIGN AND MANUFACTURING SYSTEMS
DIVISION OF ELECTRICAL AND COMMUNICATIONS SYSTEMS
DIVISION OF MECHANICAL AND STRUCTURAL SYSTEMS

Deadline Dates:
Interdisciplinary, Collaborative Proposals - November 1, Annually
Single Disciplinary Proposals - Specific Program Date

NATIONAL SCIENCE FOUNDATION
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ONR CERAMICS RESEARCH

CONTRACTOR LIST
CONTRACTORS FY92
SOWRI, LANKFORD 140000
NBS, STEVE FREIMAN 125000
UGSB, TONY EVANS 332662
UTRC, JOHN BRENNAN 125000
NBS, BRIAN LAWN 105000
USNA, DENNIS HASSON 35000
BROWN U./S. NUTT 115000
UCSB ISRAELACHVILI J 127310
PENN. STATE/PANTANO 122512
CORNELL/SASS 200000
N.M. TECH/CHAWLA 89000
CORNING GLASS WORKS 100000

UCSBJF. LANGE 160060
CLARKE/UCSB 146000
U. OREGON/JOHNSON 74000
ROCKWELL/D. MARSHALL 120000
U. PA/WAYNE WORRELL 122000
HALLORAN/U. MICH 25000
BROWN, S. SURESH 100000
LEHIGH, H. CHAN 153630
HENAGER/BATTELLE NW 150000
U. TEX/H. MARCUS 100000
U. MICH/R. LAINE 90000
CAMBRIDGE U/M. ASHBY 35000

TOTAL 2,892,174

FY93

146000
125000
€4700
125000
7105000
35000
126000

0
0
200000
89000
0
0
156000
76000
119879
100000
0
108000
140759
150000
140000
90000
105000

2,189,338 *

*COMMITTED ONLY



CER/NB/R6L0S00/VLE S

d3OVNVIN V3dV ADOTONHO3AL STTVIHALVIN
| ADISSIN "L NWVITIIM "HA

¢c66L AVN €1

SOINVHID TvdHNLONHLS NO
J3LLININOD ODNILVNIGHOOD ADNIODVHILNI

Ol d31N3IS3Hd

NVHOD0Hd SOINVHID
(LNO) ADOTONHD3L TVAVYN 40 321440




CEB/NB/Z6L0500/vLLS

WVHOO0Hd ..3SNOH-NL. LNO @
SNOILLYDI'1ddV JINVHID @
NOILVZINVOHO NVYHOOHd ©

S3AILO3Md0 NVHOOHd STTVIHILVIN LNO @

ANITLNO




CEB/NBR6L0G00/vLL S

JONVINHO4H3d A3SVIHONI —
ALNIFVAIAHNS GISVIHONI —

(3411 H3IDNOT ANV ALITIGVNIVLNIVIN 30Nna3Y
‘S1S0O NOLLISINDOV HIMOT) ALITIEVAHOIdV WILSAS ISVIHONI —

:OLHIAHONI ®

mm_._._.__0<u_ JHOHS ANV 14vHJO30VdS
‘SANIHVINENS ‘SdIHS ‘LAVHOHIV ‘S3003dHOL ‘STTSSIN —

‘NI NOILVOI'lddV HO4d @

| S3SS300Hd ANV STVIHILVIN TVNOILONNA
ANV AH3INIHOVIN ‘AVIHHVM LH3INI ‘NOISTNdOHd “TVHNLONYLS —

40 LNJWNdOT3IAIA AHOLVHOIdX3 @

S3AILOIMr4d0 NVHOO0Hd STVIHILVIN
AD0OTONHO3A1 TVAVN 40 301440




CEB/NB/CBLOS00/PLLY

STVId3LVIN
W3LSAS-ILTNWN

/

STVIH3LVIN
ANHO8V3S

STVIH3LVN
SNOdViM

STVIHALVIN
A0VdS / JIDALVHILS

STVIHILVIN
dANHOgHIV

- SV3HV 1SNHHL
ADOTONHOAL STVIHALYIN (S) 3AIL




CEB/NEB/26L0S00/vL1L 4

INO —
TUN —

STVIHALVIN
W3LSAS-ILTNN

(T4N) av1 HOYVY3S3H TVAVN —
JNININH LHOd / V1 ONIHIINIDNT TAID TVAVN —

AVO 3LIHM /AA/OMSN — SITOdVNNY / Ald XO0H3AHVI / DMSN —
STVIHILYN SIVIHILVYIN
3JVdS / J1O3LVHLS INHOEV3S
ANV YNIHO / Ald SNOdVIM
NOLN3HL/ AV /DOMVYN — / (OMVN) H3LN3D FHVIHVM HIV TIVAVYN —

MVO ALIHM / (aa) AId NIHDTHVA / (DMSN)

HILISNINYYM / (AV) AIQ LAVHOHIV / DMYN — H3LIN3ID FHVYHHYM FIOV4HNS TVAVN —
STVIHILYN STVIHILVYNN
ANHOgHuIY SNOdV3IM

:SHINWHO443d

ANO ONIANN4 ¢9

HI3L

SHIAV1d WVHOOHd LNO Gk

“Worymru®




SSINALLS ‘NOILLONA3Y
LHOIIM “TOHLINOD NOISNVdX3 TVINHIHL

S3HNLVHIdWEL ONILVHIdO
HIHOIH ‘FONVLSISIH TVINIWNOHIANT

SIUNLVHIAWIL DNILVHIO

HIHOIH ‘FONVLSISIH NOISOHI NIVH

NOILONAIY LHDIFM ‘STHNLVYNDIS
a3sSv3yO3Aa ‘FJONVLSISIH TVLNIWNOHIANI
‘STHNLVHIdWNIL DNILYHIJO HIHOIH

SIHNLVNOIS A3SV3HO3A
‘IJONVLSISIH TVINIWNOHIANS ‘NOILLONA3YH
LHOIIM ‘SIHNLVHIdWIL DNILVHIO HIHOH

SHIAIHA A3

SOINVH3D HO4 SNOLLYII1ddV TVAVN TVILN3LOd

2E8/WEB/26L0S00/vLL S

SAYVO0d DNIHIM GILNIHd HOd HOD ONINIVHLSNOD
o ONIDVYMOVd SIOINOHLOITE  ©

SHIANITWILSAS HONNVT TVOILHIA —
L SLNINOdWOD NOILOTLOHd TVWHIHL @

S3INOAvH FTSSIN
[ ~ SIIONIHUVASNVYHL OLLINOVWOHLOIT @

FHNLONHLS AHVINIH
NOILO310Hd LSNVYHX3 INIONI

S30V4HNS TOHLNOD

(S31DIHIA AHLIN3TY
) ‘ST TSSIN ‘L4VHOHIV) SLNINOJNOD FNVHIHIV @

(S31ZZON) S13IXMO0H aios
(SLHVd DNILVLOENON ANV DNILVLOY) SANIGHNL SYD —

® (SdIHS ‘STUSSIN ‘LAVHOHIV) SININOJNOD INIONI @

SvY3HV NOILVOI'lddV




Y00€S M0$ A0G$

£6Ad C¢6Ad L6Ad

2EB/NB/ZBL0S00/PLL S

ONIANN4

SS300Hd 1SNEO0H V dO13A3A —

. dAD VIA XIHLVIN OIS 3ONAOHLINI —

SH34di1d NOgHVD a3sva-HOlld 00k 3ZITiLn —

SNOILVOITddV (3-N3S) ..3.. NOISHIA ITNAOW JINOHLII 13 HVANVLS —

S1SNYHL HOrvin

ALIAILONANOD TVYINHIHL TVHILVT ASYIHONI —
H3ddOD-HVANI-H3ddOO HO4 LNIJNIOVIdId —

NOISNVdX3 TVINHIHL GMd AXOd3-SSV 19D DNINIVHLSNOD HO4
S3LISOdINOD XIHLVIN 3AigHVD NODITIS-H3dId NOgHVYD dO13A3a

JHOO DNINIVHLSNOD
(aMd) advodg DNIHIM 3 1NIHd

dAILLO3r90




2EB/NB/R6L0G00/PL 1A

NUIS 189 JO QUR[J [BULIdY],

BIA
[euayy,
SAISIYPY SIqIXILL Piiisi ] HE
opruA[og/sse(9
QO-W-D10D1-D) 1oure) diyd 10 Kxodg/sse[n)
JoKe] Sururensuo)) ‘AMd
julof Iapjog utyf,

3400 ONINIVHLSNOD
ININOdINOD 3-N3S




2EB/NEB/26L0500/7L LS

(Qo/udd) OV

00’9 00°s 00’y 00t 00°C 00’1 00°0
I t i i i t %1
S
5
8
8
&
T %01 5
N -
=
3
=2
o
g 73
wdd | s 0 =Y
-2Iaym SI J1jauag wnuwixejy 1o o>€oo_ﬁo . ® m
3
)
(=]
T %0001 2
=
=
o
2
- %00001

HOLVINSIN NOISNVdX3 TVYINHIHL




CEB/NB/R6L0500/PL1 4

uondo Ayanonpuod feuldy) 1YY <--
gMd 10J 23ue1 uoisuedxa [euuray) Jopeoryg <--
WYSom wnuuIpy <--
QWINJOA WNWIUIN <--
1addony-1eaug-1addo) 01 aanR[OY

SHALLNHAONI

ANALIONUOD [RULIAY] JW/M 0011 <--
uoisuedxa jeuudy) dAnedoN <--

Snnpow ISy S¢1  <--
$9100 Sururensuodalisoduwiod Jo asn 1s333ns s1aquy Aydesd mau jo sanradoid

ANAIIONPUOD [BULIAY) [BIAIR] YSIY OpPIACL]
dMd Axoda-sse|3 Jo 1D 0onpay

SINANWZAINOTA

SIAILNIONI ANV SINIWIHINOIY _ :
340D DNINIVHLISNOD aMd w .

“eoryas®




1€1C-L9L-T0C
III STM9T prae(g

000S-SLE0T "D " ‘uol3uryse
AI01810QRT YoIBasay [BABN

0L£9 9pOD ‘YoueIq sorureId)) pue saysodwo)

SWRIZ0IJ SOIWRId) E.Saosbm

o




‘STRLId)RUI
959} J10] JuawrdoroAasp AZo[ouyd?) Sunnjoejnuet
pue I9Jsuen) A30[0Yo9) pIemo] Jiom pue suonedridde
(o pue AAaeN o1J10ads 10J 9[qeIIns SWIISAS
sosoduwoo orurerad pue orwrerdd reynonied dojoAd(Je

suoneordde rernonred

U)IM JUBUOSUOD SISO YIIM $331S0dUIOd OTuerdd
pueR SOTUIBID [eInjonis Jo uononpoid 10§ a[qeins
sor3orouyo9) urssoooid pue sperajewt doJoAd(Je

w:ougzmmm

[eInonns Ul $9)1sodwod JTWeIdd Puk SOTUIRIID
J0 uomnezimn oddns 01 90uards d15eq dO[IAI(Te

:S9A1IqO



soorJI)UI 9)1s0dWO0I Je Sassao01d
[eorurayo/[edtsAyd/euray) Jo SuI[[opoul Jeaul[-UuoN-
uonewnsd rajouwered pue

stsATeue ejep 10J sonbruyooe) [eonewayeUr 109110)) -
$,DJAD I2qIJ SNONUIIUOD Ul [OIUOD ORLISIU]-
saysoduwod orueIad

pue SOTWRISD JO SSAUYSZNO) 9InjoRI] ‘oIn)orL]-
sanbruyoo) Sunso -

s9)1soduroo

OTUIRIQ) PUB SOTUIRIID I0J 9OUSIIS SUISSI0I]-

:suorjeoridde einjongs ur sojrsodurod

OIUIRIQ) pUB SOTUIRIAD JO UONEZI[IIN puk JuswdOo[oAdp
[NJS$200NS JOJ ATRSSI09U 90USI0S 91Seq dO[OAI(Te

:$913918NS




S OIND 01 yoroidde ajeurure| aoelInSG-

sonbruyo9) urssoooid adeys-1oN-

1509

,MO[, JUSISYUI 1M sonbruyod) 3urssadoid [eLId)RIA-
13S0 O], JUSISYUI ()IM SWQISAS [RLIQIRIN-

:s9)1soduIod oTuIRIaD pue SOTWRIND S[qeplolje do[aAa(Je

:(JU0D) SAI391eNS



Surduwrep ‘sarnjonns 1rews I0J $o1109[90Zard
Pappaquua Yim saysodurod [einjonng-

SI0)0I NV ‘s10ssa1duiod ‘s10101

JOJ 9PLITU UODI[IS PAuay3no0) 9jeurie] 90v}Ing-
(sdeyy 9[zzou ‘101uoUISNE

‘101SNQUI0D) sjuauodwod auIqIn) se3 0] surys DHIAD
pue S3I09 JTUIRIdD JUIZI[HN 2IN}ONNS YOIMpues-
QuIOpeI JUB)SISAI UOTISOId Urel ‘paads Y31y 10]
SjuoWIAIINbax 90w 0) wopel 2IN1oNIS YoIMpUes-

-suonjeorrdde
o pue AAeN 10J sud)sAs o1j10ads doToAa(Je

:(*1U09) SAI3ANRLNS




sourgqIm
Seg3 ‘SauIopel I0J SYO0[g STRLINRIA 7°9 ‘OMSN-
saurqin) sed 10J ¢ ‘parren) ‘M®d ‘dOD-

:sure1doid (O pale[l pue SIasn pus pue

sIoInjoejnuell 0} san y3nory) yuswdojorsp A3010uyo9)
dunmnjoejnuewr pue I9Jsuer) £30[0UYdI) SSANSe

:(*JU00) $AI391BNS



| Jowwre JYy31amIysI|
‘souIopel ‘saurqin) seg I0J SaINJoNIS Yormpues-
sotwe1ad adeys jau-1eau Jo JuruoyIno) soeLng-

(([o01g speuatel Surdowy 7'9 TIN ‘VIIVA)
surer3oid deurwe ] adelng 91sodwio)) JIeIo )e

soeds 10y saxmongs padure(g-
sarnjoniys Suriredar-J[os ‘oandepy-

(aa1ssed pue
9A1IOR) SOLI)09[20Zald pappaquua uIsn SaINIONIS LBWS.

:s1snay 1, Iolen




**+‘S9130[0UYI9]
asn-[enp ‘IaJsueI) A307[0Uyd9] UO sIseyduwid paseaIdu]e

urpuny 7'9 (TYN) [BUIIUL PISLAIOU]e

yoreasar parjdde uo siseyduo 1918910

:so3ue()) JIeWwWRIS0I]



sanIroe] 3urssad01d [BLINBIA 4

1008 $

+10S0T$ 10L9$ Wer$  sreoL
001$ 0S $ oIdsS
0SZ$ 00€$ $97$ 19 TAN
+0ST$ «C'9 TIN
0ST$ 0CI$ 79 TN
N00€$ 100T$ 1091$ VIIVA
€6Ad T6Xd T6Ad

:gurpunyj




sweibo.d Moo|g sjeliole|\ yeioaoedg |
pue suodeapy INO PUe a3i DMSN ‘Hl DOMSN :slosuodsg

Awje] "o euuj "iq

uoisinlg uaibjyeq
d3d1Nd0 FdV4dVYM F0V4ddNS TVAVN
STVIHd3L1VIN DIINVH3D




Z6/21/G WVD'Zov!i

pajoaloid,

STVLOL

SN

sowopey welddAXoJlIN

salisodwo) 394 al|NA

salisodwor) 18YSIYMA SHLI

(@31 ‘ueis|p)) solweIB)
apIXQ oM199]81d 2|qels Ajjewusy

(>00|g ‘Iuswdol|ana(
Buneaulbuly) seyisodwo) dlwela)

(@31) solwelay
apIX(-UON papuog aleydsoyd

apIXQ-UON papuog aleydsoyd

oLvL | 968 | L90L
ddOMSN 0G1l 0z B
ddDOMSN 00¢ ¢l -
|eJo7 | - ATl
T ETTITEV TV R B B
‘oojewelsn i oL 06
Y ToY Y YR R . . =
|elo S1S rar o
ddOMSN - oL 68l
dddOMSN 00¢€ G/¢C 0S 1L
AdDOMSN 007 i )
AdOMSN Gt A T

%€6Ad  T6Ad  16Ad

SISeL

EEm.oE mu_EEmo AdOMSN




saysoduwo)) 1aq1,]

29p | UOQIED XLIEJN OPIQIED JO